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Sound Absorption Characteristics and Application Effect
of PTFE Membrane Material
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ABSTRACT

Following the 2002 World—Cup held in Korea, studies have been actively conducted on plans to
utilize all-weather stadiums of fine figures, where large—scale spaces are available for various
utilizations. In Japan, dome-type stadiums have been built and are utilizing across the whole nation
not only for sports events but also variety of other large—scale events. PTFE(poly tetra fluoro
ethylene) is one of the membrane material mainly used for the outer ceiling surface of membrane
structures. However, there has not been enough research on the acoustical properties of PTFE
membrane material which has been widely used in the multi—purpose stadiums. In this study, air
permeability values and sound absorption coefficient of PTFE membrane materials were measured
and evaluated in the gymnasium. From the results of measurements of sound absorption coefficient
and air permeability of inner membrane materials, it was found that the sound absorption
coefficient was good in the air permeability range of 5~15cc/cm®/s. Also the relation ship
between air permeability and sound absorption coefficient was very high and the sound absorption
coefficient was the highest in the range of 6~9cc/cm®/s. Secondly, an analysis on the
measurements sound absorption characteristics of inner membrane material reveals that the overall
sound absorption coefficient was stabilized(higher than 0.5 throughout the whole frequency
bands)when the air space behind the membrane material was deeper than 600 mm. When PTFE
sound absorptive membrane material was installed in the ceiling of gymnasium, it was confirmed
that sound absorptive membrane material can reduce reverberation and increase speech
intelligibility in the gymnasium.
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Fig.1 Section of the test specimen installed for
the measurement of absorption coefficient
in the reverberation chamber
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(a) Empty reverberation chamber
and outer layer PTFE membrane material

(b) Glass wool for the simulation of air absorption
and installation of PTFE membrane material on
the glass wool

(¢) Installation of inner PTFE membrane material

Fig. 2 Installation process of PTFE membrane
material for the measurement of sound
absorption coefficient in the reverberation
chamber

Fig. 3 Measurement rayout of sound absorption
coefficient in the reverberation chamber
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Tablel Specification of air permeability test

instrument

Measurement range : 0.03~30 cc.cm

Test piece Breathing hole : 70 mm(38.5 crm)
Specification| Test piece pressure : 12.7 mmAg

(Max. 100 mmAq)

About seizure control 1 £0.3% of + 1 digit

Photo
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R : Air permeability(cc/cm?/s)
gqv: Arithmetic mean flow rate of air(m’/min)

A : Area of fabric under test(cn)

3. 354 33z
o Azd FEEY Y SRR AR

27 pagRE 0o 2,

31 Y% ME wiF 37| /T HE:=

EY W
o pzE AAER T AX AKX w2 6%

o 37150 B4HA @ A7} ek olsh Lol
% AR AEe $71% FR BE §454 9
g 23] Adel Judsnd T YA
§ 77 2A%E 1% LIe BN AR

of 4A% 43 w2

aRhage o AR WE
gPsYon S0 FLES B3R ol
% AR wEe $713e 100~300mm2 dfef F
A3



89 F44Y Fig4olMsh Ze]l W-9 % ARE 6% 500g/m' WHAR 1052 WP 3}
o MFg7ITe] SHEES Aol Sk A FRARY AL dEARe 371F 100

=]
AE 3 |
At Fig. 5ol xek o] TrE FelA wAtge)  mmE 53 EAsgith Fig 62 WUE 260 g/m’
FFor AgH Frads oA FedTel B g F7|FHE Wl wE FIAF A
TR Jebgth w3 75 gl agaes 29E Jshie Ao FUIRHEo WY 40
FAT A% AFnE godea FeEAC HEs]  co/ems oM AE FoATO duHor v
Aq AFs dde] 450 n2A Z7kEE Ao Aoz Jehdt) Fig 7S WUE 500¢/m’ ¢ W
2 Yehyit, A5 »Ei’;% I £4Z29% Yl 202 ik
250 g/m” ¢l Wbl 8] 499 FARSH 371538
3.2 LUK E ESMST BIERE o] 1cc/em’/s o1&t 2l X 40 co/em?/s o1 AS-
w pzrl AREE A7 g Sadee AE o e oSS = Ao viElyoh
A7

A
ofst7] AsiMe A7 Uil wEHE Wt Wb gel wds wstel] wel Figs. 6, 7o141%
5 0 = - = _
TS AT 5 Jojor drh o2 Y8 16T Zo] tE BEAS Z= AoE yehwth WHEs}
o e diste] zbakdolAe] Gt FEAG e YHHEE Fig 6olA e ol AFaddy &
& s3ael Hmslc mz—t— GURA deh o) Sa adh dolel e S4E 2 9
2
250 g/m” £ 503 500g/m’£100 F 7B FHZ ¢ WU ¥ WAARE Fig 7ol 2ol A
3 e 2 =) 5 .
750w 2 g2A FA 0}0% 250 g/m* W=t Fo ghgolly 12 FEEAE Ae Ao ‘4
10 e FEACE SAN R 1.0 T = o————
-#- Inner Material Air gap 300 1w A g AR b - 250 - 1
09 H 4 Inner Material Air gap 200 & s, & { e - 098 —A—250-31 .7
® - Inner Material Air gap 106 |/ & SR b % 250-92 |
08 ‘ LA . p 08 |- 250- 188 | 4
. . &0 250-427
.07k * 4 L. 07k i 250-585 |
z - L=
.g r » v %
S o6 NP S g6l - ]
@ ¥ P \ / s 00 § o § S
(é 05 . v i i 2 05k N
. ‘ % ;
%04- A s * ; ] 2 ol - e S
5 . : .
2 osl » 4 ’ B < o3t ST
y & r o
0zl . * e 5 & ¢ i ® | 02k - ’/n i
F . o L N
oql . 1 01} . b ]
Foow® :
o0 : ¢ I 0'0100 1oloo *
100 1/3 Oct. {Hz} 1000 113 Oct. {Hz}
Fig. 4 Normal incidence absorption characteristics Fig.6 Sound absorption coefficient of 250g/m
of inner material inner membrane materials
10 — T 1.6 1 . T
i “ -04 e 508 - 11 3 l J
0o H 1 08 . -23 60500137 |
: = 500-8 oo500- 166 |
08+ N B 6.8 o 500-40 | 1
L . . o ;- 500 -46
< 07 - ‘ - ¥ Q.7 b T b
] o & 5
2 o6k . = 4 e s A & 06} 1
3 o5 A e I e e SU 8 05 F.On
B ooal et . Toaly B
2 . & 2 g e ®
< o3t « . J < 03} o
L PN [ o
02 & e g ) 4 02k St
oL I e g ST ] 01| .
0.0 L . i L 0.0 L4
100 173 Oct. [Hz] 1000 100 113 Oct. [Hz]ooo
Fig.5 Normal incidence absorption characteristics Fi d ab i fficient of 500 g/m’
. ' ) ig. 7 Sound absorption coefficient o g/m
of inner and outer material inner membrane materials

rot

I2ASKEDSS=22/4 178 A 43, 2007/345



AR5 3

Bttt ol 2 Age Axwsle] mal #NEY
F58g] 2AEHE Fo dgge] WstEo] 2A
HE= Aoz wgdr)

W gel z+ F342(100~5,000Hz) 1/3LElR
32 BFELEL Table 29 37153 =9} A A
. =8 F7IFAE W3 oE yWHAs
BAEELETNY FRAAE A A5 AR
4-g AN Fig. 8o VeRALE

AN d3(=0.96) Fig. 8ollX9} Zo] FAES
Eo] 04 oldem ¢33 FVIFEIRZY HYE
4~18 ccfem’/s2 UERgth WUE xjold] wa} 7ha
2 FAEFLES ZE IFEHRE HYY Aole
gl Aoz yeigrh WHUE 250g/m® F At
500g/m’ W AT BT FVEHREI}F 6~9 cc/emYs
d o FFEFFE] 7}73 =4 vebth

3.3 PTFE &t M7 &3ds
oy 54“‘21159} HeAse 558 v
WRAEe AAge F54% HuE A )

Table 2 Average sound absorption coefficient with air
permeability of inner membrane materials

Air prmeability 1 ’
lec/ai/s] 1 13.1]19.2(19.8|42.7)58.5/0.4|2.3

Average absorbtion
coefficient 0.29]0.42(0.4710.4610.3510.30|0.13{0.37

Air prmeability

[ec/enfs]
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Fig. 8 Relationship between average sound absorption
coefficient with air permeability of inner
membrane materials
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Sound absorption coefficient variation as
increasing air gap behind the specimens
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Table 3 General specification of gymnasium for the
measurement of acoustical performance of
sound absorptive membrane material

Ground 1,913 m®
Seat - 3 6,200seat
Chair 2,174 m"
Area Total 12,169 m®
Volume 85,684 m®
Ceiling high 17m

Table 4 Measurement posmon and number of points

. Location ~ Receiving poinis
Ground 5 points
B Movable type seat 4 points
2Floor 8 points
3Floor 8 points
Total 25 points

Fig. 11 Floor plan of gymnasium and sound mea-
surement positions
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(a) Ceiling detail for the installation of sound
absorptive inner membrane material
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(b) Isometric drawing of sound absorptive
membrane structures

Fig. 12 Sound absorptive membrane structures

(a) Before (b) After

Fig. 13 Before and after installation of sound
absorptive membrane material
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